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Comparison of the marine oxygen-isotope curve (MIS, marine isotope stage) using the deep-sea oxygen-isotope data from core ODP 677 from Shackleton and others (1990) , global magnetic polarity curve (Mankinen and Dalrymple, 1979; Barendregt, 1995; Cande and Kent, 1995) 
Introduction
This map is an interpretation of a 6-ft-resolution lidar-derived digital elevation model combined with geology by Derek B. Booth and Kathy Goetz Troost. Field work by Booth and Troost was located on the 1:24,000-scale topographic map of the Vashon and Des Moines 7.5' quadrangles that were published in 1997 and 1995, respectively. Much of the geology was interpreted from landforms portrayed on the topographic maps, supplemented by field exposures, where available. In 2001, the Puget Sound Lidar Consortium (see http://pugetsoundlidar.org/) obtained a lidar-derived digital elevation model (DEM) for Vashon Island and the Des Moines quadrangle. For a brief description of lidar and this data acquisition program, see Haugerud and others (2003) . This new DEM has a horizontal resolution of 6 ft (1.83 m) and mean vertical accuracy of about 1 ft (about 0.3 m). The greater resolution and accuracy of the lidar DEM facilitated a much-improved interpretation of many aspects of the surficial geology, especially the distribution and relative age of landforms and the materials inferred to comprise them. Booth and Troost were joined by Tabor to interpret the new lidar DEM but have done no futher field work for this map.
This map, the Vashon quadrangle and selected adjacent areas, encompasses most of Vashon Island, Maury Island, and Three Tree Point in the south-central Puget Sound. One small area in the Vashon quadrangle on the east side of Puget Sound is excluded from this map but included on the adjacent Seattle quadrangle (Booth and others, 2005) . The map displays a wide variety of surficial geologic deposits, which reflect many geologic environments and processes. Multiple ice-sheet glaciations and intervening nonglacial intervals have constructed a complexly layered sequence of deposits that underlie both islands to a depth of more than 300 m below sea level. These deposits not only record glacial and nonglacial history but also control the flow and availability of ground water, determine the susceptibility of the slopes to landslides, and provide economic reserves of sand and gravel. The islands are surrounded by channels of Puget Sound, some as deep as the islands are high (>600 ft (~200 m)). The shorelines provide many kilometers of well-exposed coastal outcrops that reveal abundant lithologic and stratigraphic details not ordinarily displayed in the heavily vegetated Puget Lowland.
Previous Mapping
The geology of the Vashon quadrangle was first mapped by Willis (1898) , who named the most recent glaciation after deposits he observed on Vashon Island. Subsequent work includes the regional mapping of Garling and others (1965) and a nearshore study by the Washington Department of Ecology (1979) . This edition of the Vashon 7.5' quadrangle follows prior mapping by Booth (1991 Booth ( ), conducted in 1987 Booth ( , 1988 Booth ( , and 1989 as part of a King County-supported groundwater study. Since that time, a wealth of new geologic data has become available through the digital compilation of geotechnical explorations and water-well logs. Additional fieldwork between 1996 and 2004 has emphasized reinterpretation of the stratigraphy along the coastal bluffs, supported by luminescence dating (Mahan and others, 2003 ; table 1) and paleomagnetic investigations (Hagstrum and others, 2002; table 2) , together with careful reevaluation of stratigraphic relations in the surrounding area, particularly in the Gig Harbor and Tacoma North quadrangles immediately to the south and southwest (Troost, K.G., Booth, D.B., Borden, R., and Wells, R., unpub. field maps, 1994-2001) .
Geologic Setting
During the Pleistocene, the Puget Lowland was glaciated several times by ice originating in the mountains of British Columbia (Crandell and others, 1958; Easterbrook and others, 1967) . By analogy to the most recent glaciation, a lobe of the Cordilleran ice sheet (named the "Puget lobe" by Bretz, 1913) advanced down the trough now occupied by Puget Sound, filling the lowland from the Cascade Range to the Olympic Mountains. During glacial times, lithologically distinctive clasts, particularly high grade metamorphic rocks, were carried southward by ice and meltwater and were subsequently deposited in the Puget Lowland. These exotic lithologies are now found in tills (typically impermeable and laid down beneath the ice sheet itself) and in glacial outwash (permeable sand and gravel deposits laid down by water originating from the ice sheet). During intervening nonglacial times, drainage from the mountains surrounding the Puget Lowland transported a more limited suite of rock types, particularly unmetamorphosed sandstones and lavas. In the Vashon quadrangle, however, many of the nonglacially transported sedimentary clasts are reworked from lowland glacial deposits, so nonglacial deposits also include exotic lithologies.
The existing channels of Puget Sound currently isolate the islands from the mainland sediment supply, so sediments being deposited here today do not display the local, nonglacial lithologies derived from the adjacent Olympic Mountains and Cascade Range. Yet the widespread presence of this material in older deposits on both Vashon and Maury Islands suggests that the present channel configuration did not necessarily exist before the most recent glaciation. Nonglacial deposits in the map area, therefore, form a discontinuous, incomplete record of lowland drainage courses, and they are interbedded with the (also discontinuous) deposits that record regional glacial advances.
Stratigraphic Relations and Nomenclature
The naming and regional correlation of the individual glacial advances in the Puget Lowland has a long and still-evolving history. Willis (1898) first presented evidence for multiple episodes of glaciation in the Puget Lowland. Crandell and others (1958) proposed a sequence of four glaciations separated by nonglacial intervals based on stratigraphic sequences in the southern Puget Lowland, about 20 km southeast of Vashon and Maury Islands. Easterbrook and others (1967) named and described deposits north of the map area, assigning them to three glaciations and their intervening interglacial periods. The earliest efforts to date these separated stratigraphic sequences (Easterbrook and others, 1981; Easterbrook, 1982) did not provide demonstrable correlations beyond the most recent ice-sheet advance. Further work by Westgate and others (1987) also found no correlation between these northern and southern sequences except for that of the most recent glacial advance, the Vashon stade of the Fraser glaciation, which reached a maximum about 14,000 14 C yr B.P. (or about 17,000 calendar years ago) (Porter and Swanson, 1998) .
Figure 1.
Comparison of the marine oxygen-isotope curve (MIS, marine isotope stage) using the deep-sea oxygen-isotope data from core ODP 677 from Shackleton and others (1990), global magnetic polarity curve (Mankinen and Dalrymple, 1979; Barendregt, 1995; Cande and Kent, 1995) , and ages of climatic intervals in the Puget and Fraser Lowlands. Ages for deposits of the Possession glaciation through Double Bluff glaciation are from Easterbrook and others (1981) , Easterbrook (1986) , Blunt and others (1987) , and Easterbrook (1994) ; ages for older units are from Troost and others (2003, 2005) . Ages for the Olympia nonglacial interval are from Armstrong and others (1965) , Mullineaux and others (1965) , others (1989), and Troost (1999) . Ages for the Coquitlam stade are from Hicock and Armstrong (1985) ; ages for the Port Moody interstade are from Hicock and Armstrong (1981) . Ages for the Vashon stade are from Armstrong and others (1965) and Porter and Swanson (1998) . Ages for the Everson interstade are from Dethier and others (1995) and Kovanen and Easterbrook (2001) . Ages for the Sumas stade are from Clague and others (1997) , Kovanen and Easterbrook (2001) , and Kovanen (2002) . Modified from Booth and others (2004a) .
On this map, deposits of pre-Fraser glaciation age (see fig. 1 ) are assigned specific lithostratigraphic names, if they can be traced laterally from localities with luminescent dates (Mahan and others, 2003 ) that correspond to formally or informally defined deposits. These correlations are supported by paleomagnetic measurements (Hagstrum and others, 2002, Booth and others, 2004a) . Deposits in the map area include all of the named glacial and nonglacial intervals that Easterbrook and others (1967) identified on Whidbey Island, 30 km to the north. In addition, deposits at several localities exposed along the east shore of Vashon Island from Klahanie north to Dolphin Point exhibit reversed polarity, indicating they are of even greater antiquity than those in table 1, (>774 ka). Although these reversely polarized deposits could have been deposited during the Blake reversal at about 130 ka, their exposure at the core of an anticline associated with crustal deformation south of the Seattle Fault (Booth and others, 2004b) and their isolation from younger deposits lead us to interpret them as older, Matuyama-age deposits. Deposits of Vashon age are widely distributed and dated throughout the lowland region. They are well exposed on Vashon and Maury Islands and are so named here. In contrast, the Colvos Sand Member (Walters and Kimmel, 1968) of the Vashon Drift (equivalent to the Colvos Sand of Garling and others, 1965) , described as the lowermost member of the advance outwash deposits of the Vashon-age ice sheet, has been abandoned as a lithostratigraphic unit because it lacks both lithologic or textural distinction and stratigraphic significance (Booth, 1991) . This follows convention in geologic mapping throughout the central Puget Lowland for the past 20 years (for example, Minard, 1983; Pessl and others, 1989) . We reassigned these strata to the Vashon advance outwash (Qva).
The Kitsap Formation (Armstrong and others, 1965 ; see also Garling and others, 1965 ) is also abandoned, following recent usage elsewhere in the region (see, for example, Troost and others, 2005) . Its utility as a stratigraphic marker is hampered, in part, by the formation's definition as fine-grained sediments lying between two other units of uncertain value, the Salmon Springs Drift and herein-abandoned Colvos Sand Member. The formation as defined may also be substantially time-transgressive, possibly spanning more than one glaciation. For example, Garling and others (1965, p. 31) suggest that it may be correlative with any of several other units: the 15,000-yearold Lawton Clay Member of the Vashon Drift (Mullineaux and others, 1965) ; the Quadra Sand of Clague (1976) , identified as advance outwash of the Vashon-age ice advance; interglacial deposits of finite radiocarbon (for example, Olympia) age in the Seattle area (Stark and Mullineaux, 1950) ; or deposits of the Whidbey Formation, which predate even the Possession glaciation of Easterbrook and others (1967) . Deeter (1979) mapped the Kitsap Formation northwest of Vashon Island but also noted ambiguities in its definition and usage. Abandonment of this unit follows recent regional stratigraphic convention (for example, Blunt and others, 1987) . We reassign its strata to either the earliest deposit of the Vashon-age glacial advance (Qvlc) or to pre-Fraser-age deposits.
Landslide and related deposits make up most of the post-Vashon-age deposits in the map area. Of particular interest is the large block slide of the Dilworth area. Although shown as a coherent block on the map, subsidiary block displacements are common along the Glen Acres-Dilworth road (Gres Wessel, written commun., 2013) . Concentric arcuate scarps on the southwest side of the Burton Peninsula suggest a block slide, but without evidence of unit offset or other morphological change in the down-dropped blocks, this slide is less certain.
Structure
The eastern tip of Maury Island is cut by a strong northeast-trending lineament revealed by lidar that we interpret to be a fault with the east side dropped down. The fault cuts pre-Vashon-age units (Qpff and Qpdt) and offsets a Holocene and Pleistocene landslide (Qols). It is buried by a younger, probably Holocene, landslide. The lineament (fault) definitely cuts the ice-grooved pavement, indicating post-ice-advance movement. The older landslide does not have the smoothed morphology characteristic of sublacustrine landslides, indicating the latest fault movement is older than glacial Lake Bretz age or about 16,000 calendar years ago (R.A. Haugerud, written commun, 2011) . Advance outwash deposits-Well-bedded sandy gravel to more common medium-and fine-grained sand, generally firm and unoxidized; deposited by proglacial streams. Tends to grade downward from gravelly sand to uniform medium-fine sand; unit includes, in part, the Colvos Sand of Garling and others (1965) and is correlative with the Esperance Sand Member of the Vashon Drift (Mullineaux and others, 1965 
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